Leaf exchange is an abrupt phenological event that drastically modifies the morphology and physiology of the aerial portion of the plant. We examined if water and osmolyte differences between old leaves and new organs trigger leaf exchange, and whether the differences are closely linked to the resource resorption process in senescing leaves. We monitored concentrations of osmolyte, water, non-structural carbohydrate, nitrogen and potassium in senescing leaves and in emerging new leaves and inflorescences of a Mediterranean leaf exchanger (Cistus laurifolius L.) growing in NE Spain. Old leaves rehydrated markedly during most of the senescence process, which co-occurred with the extension of new shoots, suggesting the lack of a clear-cut switch in water supply from old to new organs. The accumulation of osmolytes in the early stage of leaf senescence might account for this rehydration. Osmolyte dynamics in old leaves depended largely on the progression of resource resorption from senescing organs but were mostly unrelated to water content during late senescence. We conclude that dehydration of old leaves is not a prerequisite for the triggering of leaf exchange. The finding that most nutrients and carbohydrates accumulated in new organs before senescing leaves massively exported resources, and the absence of relevant differences between the dynamics of old leaves at the base of inflorescences and those at the base of vegetative shoots, indicate that the nutrient and carbohydrate demands of new organs do not trigger leaf exchange.
Introduction
Leaf exchangers are evergreen perennials in which a new cohort of leaves emerges either simultaneously with, slightly later than, or slightly in advance of the shedding of the previous year's foliage (Borchert 1994a , Reich 1995 . Leaf exchangers are particularly abundant in seasonally dry tropical and subtropical forests, although some species from the Mediterranean maquias and other environments also display this leaf phenology (Oliveira et al. 1994 , Menges and Hawkes 1998, Damascos et al. 2005) . The ecological triggers and subsequent physiological responses that characterize leaf exchange have received little attention (but see Borchert 2003 and references therein).
Unlike the majority of leaf exchangers in the tropics, most Mediterranean leaf exchangers shed old foliage after the elongation of new shoots (Ne'eman 1993, Oliveira et al. 1994 , Castro-Díez and Montserrat-Martí 1998 , Milla et al. 2004 . The phenological overlap between early leaf senescence and leaf emergence in the humid late-spring suggests that the senescence of old foliage might accommodate the nutritional demands of the growing organs (Addicott 1978 , Longman and Jenik 1987 , Ohsawa and Nitta 1997 . However, recent research has shown that nutrient remobilization from old leaves frequently occurs after the demands of the new growth flush have been fulfilled (Milla et al. 2005) . Therefore, alternative explanations to resource-demand driven senescence are needed. Among these, the leaf area adjustment hypothesis states that the plant gets rid of water-spending old foliage to maintain hydration of new foliage during the developing summer drought (Munné-Bosch and Alegre 2004) . This hypothesis implies that leaf senescence begins before the start of the summer drought in response to environmental cues that precede severe water shortage.
Irrespective of whether there is direct resource transfer from old to new structures, chronological changes in the relative sink strengths of old and new organs for carbon, nutrients and water might also help explain why the previous-year leaf cohort starts to senesce after the extension of new shoots (Wiedemutha et al. 2005) . These changes may be driven by hormones (Chen et al. 2002 , Ryun-Woo et al. 2004 , sugar (Ono et al. 2001) or osmotic gradients within the plant (Woodruff et al. 2004) . If leaf senescence and shoot growth coincide, osmotic differences between developing and senescing organs might define the turgor maintenance capacity of one organ relative to that of adjacent organs. High turgor pressure is essential for organ development, particularly in the initial stages (Molz and Boyer 1978) . Thus, in leaf exchangers, when old leaves have more osmolytes than do leaf primordia, shoot development might be arrested at the bud stage. Alternatively, when leaf primordia have more osmolytes than do old leaves, new shoot growth might be at the expense of the drying out of old organs (Borchert 1994b) .
We investigated how osmolyte dynamics vary in relation to tissue hydration status and to nutrient and nonstructural carbohydrate (NSC) dynamics during the leaf exchange process. Specifically, three hypotheses were tested. (1) Water content at full hydration decreases in old leaves and increases in new leaves and inflorescences during leaf exchange. (2) Provided that cell wall elasticity decreases as leaves age (Moore and Cosgrove 1991, Patakas and Noitsakis 1997) , changes in the water content of fully hydrated organs parallel changes in osmolyte content in old leaves. (3) Resource resorption controls osmolyte dynamics during leaf senescence.
Materials and methods

Study species and site
Cistus laurifolius L. (Cistaceae) is a phenophase-overlapper (sensu Castro-Díez and Montserrat-Martí 1998), with inflorescences that burst simultaneously with vegetative buds in late spring. The vegetative and reproductive phenological cycle of this species is relatively short, and individuals are noticeably synchronous in their phenological development. Within branches, the apical bud develops much larger vegetative shoots than the buds located in the lower half of the shoot. Apical dominant vegetative shoots exhibit simultaneous sylleptic branching of their lateral meristems as shoot extension proceeds. Several of the sylleptic shoots bear reproductive buds that develop into inflorescences the following growing season. Detailed information on the phenology of this species at this site has been described by Milla et al. (2004) .
The study was carried out from March 13 to July 23, 2002. This period comprises most of the phenological development of the study population, including bud growth, most vegetative growth, leaf senescence and shedding, flowering and fruit set (Milla et al. 2004) . The study population of C. laurifolius is located in the western part of the Pre-Pyrenean mountain range, NE Spain, on a west-facing slope of calcareous conglomerates (Luesia, Arba river watershed, 780 m a.s.l., U.T.M. 30TXM-6397). Climate is typically Mediterranean with cold winters. Total annual rainfall averages 630 mm and mean annual temperature is 13.1°C (31-year record from the nearest weather station, Ayerbe, 585 m a.s.l.). The weather in 2002 closely resembled the long-term means from the Ayerbe weather station in seasonality, total rainfall and mean temperatures (Figure 1 ).
Field sampling, water content, osmolyte content and leaf morphology measurements
All variables were measured separately in old leaves located at the base of the apical vegetative bud (OAL), in old lateral leaves located at the base of the reproductive buds (OLL), in new leaves borne from the apical vegetative bud (NL) and in new lateral inflorescences (NI). Figure 2 illustrates the organs sampled in this work.
The plants were surveyed every 10-13 days during the study. At each visit, we collected three sets (A-C) of 10 two-year-old, fully sunlit branches, from 30 individuals. Ten of the branches (Set A) were used for NSC, potassium (K), and nitrogen (N) analyses. Set A was divided into tissue fractions (OAL, OLL, NL, NI) in the field, and each fraction of each 952 MILLA, MAESTRO-MARTÍNEZ AND MONTSERRAT-MARTÍ TREE PHYSIOLOGY VOLUME 27, 2007
Figure 1. Precipitation and temperature variation during the study (P, T max and T min ), together with mean values for the 31-year series available at the Ayerbe weather station. Abbreviations: P, the total monthly rainfall value; T max , the monthly mean of the daily maxima; and T min , the monthly mean of the daily minima. branch was placed in a plastic bag that was sealed and transported at -20°C, in a mixture of sodium chloride and crushed ice, to the laboratory, where the samples were stored at -18°C until freeze-dried (Cryodos, Telstar Industrial SL, Terrasa, Spain). The remaining 20 branches were stored in plastic bags at ambient temperature until arrival at the laboratory and were later used for determination of osmolyte (Set B) and water contents and leaf morphology (Set C).
In the laboratory, branches of Sets B and C were cut under water, placed in distilled water and kept at 4°C in a water-saturated atmosphere for 12-15 h, to allow full hydration of the branch (Palacio and Montserrat-Martí 2005) . Water and osmolyte contents were calculated from fully hydrated samples (1 leaf or 1 inflorescence per sample) (Rosner et al. 2001) .
For Set B, each fraction (OAL, OLL, NL and NI) was stored overnight at -18°C to break cell walls and membranes. Samples from each individual branch (a minimum of 2 g of fresh plant material) were placed in sterile syringes that were pressed with the help of a caulking gun to extract cell sap. Nearly all the expressed sap extracted with this method is symplastic (Slavik 1974) . The concentration of osmoles in the cell sap (mOsmol l -1 ) was determined with a vapor pressure osmometer (LI-1600, Li-Cor, Inc., NE).
One sample (1 leaf or 1 inflorescence) of each fraction (OAL, OLL, NL and NI) was cut from each branch of Set C and weighed to obtain its mass at full hydration (FM; g). Then the leaf areas (LA; mm 2 ) of fractions OAL, OLL and NL were determined by scanning with a Delta-T image analysis system (Delta-T Devices, Cambridge, U.K.). Leaves and NI were oven dried at 60°C and weighed (DM; g). Leaf mass per area (LMA; g mm 2 ) was calculated by dividing DM by LA. On May 12 (before vegetative and reproductive bud burst), and also at the last field visit (July 23), we collected an additional set of 10 branches to determine the total amounts of biomass and nutrients invested in vegetative and reproductive buds, and in new vegetative shoots and infructescences, respectively, per branch unit. From these data we calculated an indicator of sink strength and carbon and nutrient demand of inflorescences, infructescences and vegetative shoots at different development stages.
Chemical analyses
Freeze-dried samples were ground in a mill (IKA MF10, IKA-Werke, Staufen, Denmark) to pass a 1-mm screen. The original 10 branches were pooled into five composite replicates, each comprising material from two branches. Nitrogen concentration was measured with an elemental analyzer (Elementar varioMAX N/CN, Hanau, Germany), and K concentration was measured with a flame photometer.
Soluble sugars (SS) were extracted with 80% (v/v) ethanol, and their concentration was determined colorimetrically by the phenol-sulfuric method (Buysse and Merckx 1993) . Starch and complex sugars remaining in the undissolved pellet after ethanol extraction were enzymatically reduced to glucose, as described by Palacio et al. (2007) , and then measured colorimetrically as above. The NSC measured after extraction with ethanol are hereafter referred to as soluble sugars (SS), and carbohydrates measured after enzymatic digestion are referred to as starch.
Calculation of variables
Concentrations of osmolytes, NSC, K and N are expressed on a per leaf dry mass basis (mg [or Osmol] g -1 ). However, because dry leaf mass decreases during senescence (Van Heerwaarden et al. 2003) , we also expressed the data obtained for OAL and OLL on a per leaf area basis (mg [or Osmol] mm -2 ). Accordingly, water content is also expressed as percentage of fully hydrated organ mass and, for OAL and OLL, as water content per unit leaf area. We have no such stable basis for NL and NI because the size of new leaves varied during the sampling period. For clarity, concentration will hereafter refer to mass-based data, and content to area-based data (Killingbeck 1996) .
Nitrogen and starch contents were computed by multiplying concentrations on a dry mass basis (mg g) by LMA (g leaf mm -2 ). Values for K and SS were first transformed to moles to compare their relative contribution to total osmolyte content. To calculate the Osmoles per unit leaf area, we first measured the density of the extracted cell sap (d; g m -3 ). Because d varied between 1.0008 and 1.0042 kg l -1 , we assumed it to be equal to 1. Then, the mOsmoles per unit leaf area (Osmol A ; mOsm mm -2 ) was calculated as:
where Osmol C is the concentration of mOsmoles in the expressed sap (mOsm l -1 or mOsm kg -1 , assuming d = 1), FM is the fresh mass of the organ at full hydration (g), DM is the oven-dried mass (g) and LA is the projected leaf area (mm -2 ). Similarly, we calculated the concentration of mOsmoles per unit dry mass (Osmol M ; mOsm g -1 ) as:
Because NSC, K, N and osmolyte concentrations were measured in different samples from those used for morphological measurements, the FM, DM and LA data for these calculations were the means of each fraction at each date. The total amount of C and N invested in an average vegetative or reproductive bud (mg bud -1 ) was calculated by multiplying the C or N concentration of each bud type by the oven-dried mass of the bud extracted from the extra set of 10 branches collected on May 12. To estimate the sink strengths for C and N of both types of shoots at different developmental stages, the C and N concentrations of a vegetative shoot or an infructescence at the end of the sampling period was multiplied by the oven-dried mass of all the foliage in the apical vegetative shoot, or by the oven-dried mass of a complete infructescence, from the extra set of 10 branches collected on July 23.
Statistics and hypothesis testing
Before testing our hypotheses, the dataset was checked for normality and homoscedasticity. Transformations (arcsin or log) were used when deviations from normality or homoscedasticity were detected. To test Hypothesis 1, we first graphed the progression of water concentration (and contents in old leaves) at full hydration throughout the leaf exchange process among the different tissues sampled. To test significances, we performed ANOVAs and Bonferroni-corrected multiple comparisons to compare differences among dates. To test Hypothesis 2, we regressed the concentration and contents of osmolytes against those of water in old leaves. Organs at different developmental stages can have different absolute scores for these variables, which may cause the slopes or intercepts, or both, to differ irrespective of the tightness of the relationship itself. Therefore, we regressed osmolytes versus water separately for old leaves before and after the onset of net nutrient resorption from senescing leaves. We set the beginning of nutrient resorption as May 28, based on the mean date when net decreases in N, starch and K of old leaves were first observed (see Figure 3c , 4b and 4c).
To test Hypothesis 3, we compared the fit of the linear regression equations of osmolyte versus N, K and starch contents at pre-resorption dates and during resorption. For C resorption, we use the variations in starch contents as a rough proxy for net C withdrawal. Carbon fixation through photosynthesis may counterbalance the rate of C export, thus producing no net change in leaf C content, even if substantial export is taking place. In addition, starch is broken down to soluble sugars during senescence, which may be respired or directly exported. Nevertheless, we assumed that: (1) C fixed during senescence will not be stored as starch but will be either respired or exported directly to other plant organs; and (2) starch content will decline during late leaf life when nutrients like N and K are massively withdrawn, indicating a net C export. Only area-based nutrient contents were used to test Hypothesis 3 because decreases in mass-based nutrient concentrations may indicate not only actual nutrient withdrawal, but also dilution caused by accumulation of another element. All analyses were carried out with SPSS V11.0 software (SPSS, Chicago, IL).
Results
Water and osmolyte dynamics in senescing and expanding organs
The water content at full hydration steadily increased in old leaves from the beginning of the sampling period until 4 weeks before leaf shedding (P < 0.001). This pattern was particularly apparent when water content was calculated on a per leaf area basis: on June 26, water content was about 40-50% of that at the beginning of the sampling period (Figure 3a) . Despite the high water content of new organs, the emergence and extension of a cohort of new leaves and inflorescences was unaccompanied by a decrease in the water content of old leaves (Figure 3a) .
Seasonal variation in the osmolyte content of old leaves differed between measurement units. Mass-based concentrations did not increase significantly during the spring (P > 0.01). In contrast, area-based osmolyte content increased by the beginning of the spring (P < 0.001) and then, concurrent with the onset of new vegetative and reproductive organs, gradually declined until leaf death (P < 0.001). The dynamics of major osmolytes, such as K + and SS, resembled those of total osmolyte content (Figures 3b, 3c and 4a) .
Thus, area-based water and osmolyte contents followed opposite trends from early May to late June (Figures 3a and 3b) . Before the beginning of massive export of nutrients from old leaves, water and osmolyte contents were tightly correlated, especially when data were expressed on a per leaf area basis (see OL-pre in Figure 5 ). After the start of nutrient resorption, the relationship was less close (area basis) or even non-existent (mass basis). On an area-basis, regression lines did not differ in slope, but had significantly different intercepts (same slopes ANCOVA analyses, data not shown) ( Figure 5 ).
Relationships between osmolyte dynamics and resorption of nutrients and carbon from senescing leaves
Only area-based patterns are considered in this section because loss of leaf mass during senescence can confound interpretations of nutrient and carbon net fluxes measured on a mass basis (Van Heerwardeen et al. 2003) . In old leaves, abrupt declines in N and K contents per unit leaf area began to occur between early May and early June (Figures 3c and 4c) . Declines in OLL starch content began nearly concurrently with declines in N and K contents, whereas OAL started to export starch one month later (Figure 4b) . A moderate increase in starch content was observed in the late days of the life of old leaves, although it was not statistically significant (P > 0.01).
The relationships between osmolyte and N and starch contents were stronger during nutrient resorption than before the onset of resorption (Figure 6 ). In contrast, the r 2 values of the regression equations between osmolye and K contents before and during resorption were similar (Figure 6 ). A significantly positive relationship was observed between osmolytes and N, K and starch contents during the resorption stage. Despite the highly similar seasonal patterns of K and osmolyte contents, SS contributed about 50% of total osmolytes, about five times the contribution of K (Figures 3b, 3c and 4a) .
Sink strength and carbon:nitrogen ratios of reproductive and vegetative growing organs
In 2002, bud burst occurred synchronously during early May. Because leaf abscission was also highly synchronous, old and new organs overlapped over a 2-3 month period. The C:N ratio of the reproductive buds was lower than that of the developed infructescences. Vegetative shoots showed similar C:N ratios during the two stages (Figure 7) . However, sink demands depend not only on the qualitative composition of the organs, but also on their size. At the bud stage, flower organs are highly preformed (Montserrat-Martí, unpublished), and so reproductive buds have greater biomass than vegetative buds. This resulted in higher resource requirements for C and N in reproductive buds compared with vegetative primordia (Figure 7) . However, by the end of the growing period, the new vegetative shoot was much larger than the mature infructescence. Thus, over the course of the whole growing season, vegetative shoots required more C and N than reproductive structures.
Discussion
Water content at full hydration, but not osmolyte content, increases until late in the senescence process
We hypothesized that the emergence of a new cohort of leaves and the extension of lateral inflorescences would divert shoot water toward new elongating organs, causing old organs to become less hydrated. As old leaves senesce, small charged molecules including soluble sugars, potassium cations and amino acids are released to the phloem and exported (Himelblau and Amasino 2001) . This should constrain the ability of old leaves to attract water, even during humid periods, to the benefit of growing organs. However, contrary to our hypothesis, the water holding capacity of old leaves nearly doubled on a leaf area basis, during the sampling period, despite the high water contents of newly expanding shoots. This finding contrasts with reports stating that the progressive hydraulic isolation of mature leaves starts before the onset of senescence (Salleo et al. 2002) . However, similar patterns of late leaf rehydration before leaf shedding have been observed in some species in humid microsites in the seasonal tropics (Borchert 1994b) . High water content in senescing leaves in other Mediterranean evergreens, measured in the field, has also been reported (Munné-Bosch and Peñuelas 2003) .
We propose the following functional advantage of such a rehydration event. Leaf senescence is an active, energy spending metabolic stage that requires certain environmental conditions to proceed successfully and to lengthen the period of optimal functionality of cells (Buchanan-Wollaston 1997 senescence-related processes, such as nutrient withdrawal, more efficiently than water-stressed plants (Pugnaire and Chapin 1992) . Therefore, an increase in the ability of senescing leaves to attract water, as shown in C. laurifolius, might facilitate the senescence process and lengthen leaf functional life. What physiological and ultrastructural changes might allow these leaves to increase their water holding capacity? It is well known that leaves maintain high water contents during cell and organ expansion (Figure 3a ; Cosgrove 1993, Alves and Setter 2004) . Afterward, fully expanded leaves accumulate biomass during their leaf lifespan, which correlates negatively with their water content at full hydration (Garnier et al. 2001) . Then what physiological processes might account for the large increase in water content of old leaves?
A decrease in osmotic potential might occur as macromolecules are being hydrolyzed during senescence. A reduction in osmotic potential is a well-known mechanism to attract water to maintain cell turgor (Lieffering et al. 1996 , Neuner et al. 1999 , Niinemets et al. 1999 , Woodruff et al. 2004 ). Increases in osmotic pressure could take place by two mechanisms: (1) through the release of low-molecular-mass molecules during the mobilization of cell constituents; or (2) through stimulated photosynthesis in old leaves induced by the demands of growing organs. The latter mechanism would increase the amount of osmotically active SS. Such increases in photosynthesis in response to an increase in demand have been extensively documented (Naor et al. 1997 , Palmer et al. 1997 , but see Urban and Thibaud 2004) . We found a net accumulation of starch immediately before the resorption period in old C. laurifolius leaves. Hence, the production of SS from the breakdown of starch does not account for the rise in SS during the first half of the sampling period. The increase in sugar concentration before the onset of resorption has been interpreted previously as a trigger for irreversible senescence (Ono et al. 2001) .
Although the above mechanisms could explain the increase in water content measured before the onset of resorption, we have shown here that the relationship between cell osmolyte content and water content became weaker once resource with- drawal begins, contrary to our second hypothesis. The lower intercept of the regression line between osmolyte and water contents during resorption (see Figure 5 ) signifies that a higher water content per Osmol is achieved during nutrient resorption than before. Thus, neither the production of osmolytes via resource mobilization in senescing leaves, nor putative increases in photosynthetic rate, fully explain the increase in water content during late senescence. Ultrastructural changes might help explain the increased water content during late senescence, when disintegration of the plasmalemma and the tonoplast occurs (Jones 2004) . Disruption of cell membranes leads to the mixing of previously compartmentalized cell phases, facilitating the remobilization of nutrients (Feller 2004) . For example, the fast degradation of Rubisco in chloroplasts seems to depend on the disruption of the tonoplast, and further liberation of vacuolar proteolytic enzymes to the cytoplasm (Yoshida and Takao 1996) . We speculate that the beginning of significant net withdrawal of nutrients from old leaves of C. laurifolius was concurrent with cell membrane disintegration. On the one hand, this leads to accelerated macromolecule catabolism and export of small molecules, and thus to sharp decreases in nutrients and osmolyte contents, in line with Hypothesis 3. On the other hand, it decreases the bulk elastic modulus of old leaves, which would subsequently increase the amount of water required to reach full turgor once leaves are allowed to fully hydrate. This is consistent with the patterns found late in the sampling period (Figure 3a) , and with previous reports of cell wall softening during senescence as a result of depolymerization, leading to increased water permeability of senescing cells (Poovaiah and Leopold 1973 , Fisher and Bennett 1991 , Brummell et al. 2004 .
Nutrient and NSC dynamics in old leaves
Organ senescence is subject to correlative controls within the plant, such as pollination-induced senescence of petals or fruit maturation-induced senescence of leaves (Ryun-Woo et al. 2004) . Thus, intensive growth may be expected to affect leaf senescence when both processes coincide, which raises the TREE PHYSIOLOGY ONLINE at http://heronpublishing.com RESOURCE DYNAMICS DURING LEAF EXCHANGE 957 Figure 5 . Relationships between water at full hydration (WCH) and osmolytes (Osmol) measured on a mass basis (a) and on an area basis (b). Abbreviations: OLL, 1-year-old leaves at the base of the lateral inflorescences; OAL, 1-year-old leaves at the base of the apical vegetative shoot; NI, the new expanding lateral inflorescences; and NL, the new expanding leaves. Because no significant differences were found between organs (see Figure 3 ), OAL and OLL were analyzed together as old leaves (OL). The WCH-Osmol relationships were analyzed separately for OL before (OL-pre) and during (OL-post) resource resorption from senescing leaves. Values represent means ± SE of 10 replicates. Only pair-data scores averaged per sampling dates were used to fit the regression lines. Figure 6 . Relationships between osmolyte (Osmol) and (a) potassium (K), (b) starch and (c) nitrogen (N) contents in old leaves (OL). As in Figure 5 , linear regressions were performed separately for OL before (OL-pre, solid line) and during (OL-post, dotted line) resource resorption from senescing leaves. Values represent means ± 1 SE of 5-10 replicates, depending on the variable. Only pair-data scores averaged per sampling dates were used to fit the regression lines.
question of whether leaf senescence in C. laurifolius is affected by the type (vegetative or reproductive) and size of the nearest growing sink. We found that bud burst and organ elongation did not prompt immediate net decreases in water, NSC and nutrient contents in old leaves. This pattern has been described in a wider set of Mediterranean evergreens, which shed old leaves and produce new leaves with a chronology similar to C. laurifolius (Milla et al. 2005) , and seems to rule out a direct triggering of leaf senescence by resource demands. Several studies on evergreens from different climates showed that the resource demands of new leaves are not met directly by old leaves (e.g., Jonasson 1989 , Pasche et al. 2002 , Damascos et al. 2005 , but see Millard and Proe 1993) .
We detected few differences between the dynamics of OLL and OAL. Nitrogen and starch withdrawal began slightly earlier in old leaves at the base of reproductive structures, which might correlate with the earlier demands of these shoots since they already contain nearly half of their total biomass at the bud stage. Nevertheless, water, carbon and osmolyte dynamics and nutrient resorption chronology did not differ between the two types of old leaves. Moreover, nutrients were depleted to a similar extent in mature lateral and apical leaves by the end of the sampling period (see Figures 3c, 4b and 4c) , providing additional support for the idea that carbon and nutrient demands are not the primary factor triggering senescence in Mediterranean leaf-exchangers. Overall, the absence of close sourcesink relationships at the branch level suggests that cycling of resources within the branch is poorly integrated in C. laurifolius. Nutrients and C for early growth should come from sources other than old leaves, such as woody organs or the environment. This contrasts with the close resource-specific link between old and new shoots of plants such as wintergreen Rhododendron lapponicum (L.) Wahlenb., whose reproductive shoots were stronger sinks for C than non-reproductive shoots, whereas the opposite was true for N (Karlsson 1994) . However, modular autonomy and branch integration vary widely in woody plants, hence C. laurifolius might simply lie toward the low autonomy end of the spectrum (Sprugel et al. 1991) .
In conclusion, we demonstrated that bud burst and shoot extension occurred in C. laurifolius while old-leaves maintained a high water content. This pattern has two implications. First, although it is well recognized that an adequate water supply is a prerequisite for continued cell growth and organ elongation (Boyer 1968 , Hsiao 1973 , Matsuda and Riazi 1981 , Dale 1988 , Cosgrove 1993 , we have shown that water supply is also important in leaf senescence. Second, we confirmed that direct transport of carbon and mineral nutrients from old to new leaves seems unlikely during the early phases of shoot extension, in accordance with previous reports (Milla et al. 2005) . We conclude that leaf senescence is not triggered by the demands of new organs for carbon and nutrients. MILLA, MAESTRO-MARTÍNEZ AND MONTSERRAT-MARTÍ TREE PHYSIOLOGY VOLUME 27, 2007 Figure 7 . The carbon (C):nitrogen (N) ratios, and C and N pools at the bud stage and at the end of the sampling period in current-year vegetative shoots and reproductive structures. At this stage, vegetative shoots include only the foliage of the apical vegetative shoots (which accounts for 85-90% of total shoot biomass, data not shown), whereas reproductive structures include the whole infructescence. Each bar is the mean ± SE of 10 replicates. Different letters indicate significant differences after two-way ANOVAs with type of organ (vegetative or reproductive) and bud development stage (bud developed) as fixed factors.
